Context: Children and adults with psychopathic traits and conduct or oppositional defiant disorder demonstrate poor decision making and are impaired in reversal learning. However, the neural basis of this impairment has not previously been investigated. Furthermore, despite high comorbidity of psychopathic traits and attention-deficit/hyperactivity disorder, to our knowledge, no research has attempted to distinguish neural correlates of childhood psychopathic traits and attentiondeficit/hyperactivity disorder.
C
HILDREN WITH THE DISRUPtive behavioral disorders of conduct disorder (CD), oppositional defiant disorder (ODD), or attentiondeficit/hyperactivity disorder (ADHD) show increased rates of aggressive and antisocial behaviors. 1, 2 A subset of these children also displays striking callousness and psychopathic traits, including lack of guilt, empathy, or remorse. 3, 4 This subset with psychopathic traits is easily frustrated and is at highest risk for committing recurrent aggressive and antisocial behaviors. 3, [5] [6] [7] [8] However, the neural basis for the increased aggression is unknown. While anxiety and emotional overactivity are associated with reactive aggression, 9, 10 this association is usually absent in persons with psychopathic traits. 3, 11, 12 Children with high psychopathic traits do show increased levels of reactive aggression but this is thought to be frustration based. [13] [14] [15] Reversal learning paradigms model a form of frustrating event 16 and index the ability to flexibly adjust behavior to changes in reinforcement (ie, the ability to avoid frustration). 17 In these paradigms, the individual initially learns to make a response to gain a reward. The reinforcement contingency then changes so that the correct response no longer results in reward and a new response must be learned to achieve the reward. Children and adults with psychopathic traits are impaired in reversal learning. 18, 19 This study was conducted to identify the neural basis of the reversal learning impairment in children with psychopathic traits.
Animal and human neuropsychological work has demonstrated that lesions in the orbital and medial prefrontal cortex (PFC) are associated with impairments in reversal learning. [20] [21] [22] [23] Human neuroimaging work in healthy adults has also implicated the ventromedial PFC (vmPFC) as well as the ventrolateral (vl) and dorsomedial (dm) PFC in reversal learning. [24] [25] [26] [27] [28] During reversal learning, the vl and dmPFC show significantly increased activity in response to reversal errors (responses that were previously rewarded but now are punished). 24, [26] [27] [28] This is consistent with suggestions that the dmPFC is activated in situations that feature increased conflict 29, 30 and recruits the vlPFC to achieve response change. 27 On the basis of early neuroimaging work stressing the role of the vlPFC in reversal learning, 28 it was assumed that the reversal learning deficit seen in children and adults with psychopathic traits might reflect vlPFC dysfunction. 16, 19 However, recent neuroimaging and lesion data have highlighted the importance of the vmPFC in reversal learning. 22, 27 These findings have generated an alternative hypothesis that impairment in reversal learning in individuals with psychopathic traits might be due to dysfunction in the vmPFC. 27 During reversal learning in healthy individuals, in contrast to the vlPFC and dmPFC, this region shows a significant reduction in activity during reversal errors (trials when a previously rewarded response is now punished). 27 This pattern is consistent with its hypothesized role in prediction error signaling in which a decrease in neuronal firing is observed when an expected reward is not received. 31 The pattern is also observed in imaging paradigms during unexpected punishment or when an expected reward or punishment is not received. [32] [33] [34] [35] [36] [37] [38] In reversal learning, this signaling in the vmPFC may be needed for the detection of contingency change. 27 Following these findings, the main goal of this study was to use functional magnetic resonance imaging (fMRI) to test the contrasting hypothesis that reversal impairments in children with psychopathic traits arise from dysfunction either within the vl/dmPFC or vmPFC.
Children with psychopathic traits frequently demonstrate comorbid ADHD. 18, 39 In contrast, not all children with ADHD demonstrate psychopathic traits. Behavioral and imaging work in children with ADHD suggests abnormalities in regions implicated in reversal learning, including frontostriatal circuits and the cingulate cortex. [40] [41] [42] [43] [44] While these imaging findings suggest that children with ADHD may be impaired on reversal learning, only 1 study to date has examined and suggested this. 45 However, participants were not screened for concurrent psychopathic traits, 45 so it is unclear if the impairment in reversal performance is associated with ADHD or underlying comorbidities. Because of this uncertainty, we included a comparison group of children with ADHD without psychopathic traits. This enabled us to determine whether children with ADHD show reversal impairment and, if so, whether neural dysfunction associated with their impairment is similar or dissimilar to that of the children with psychopathic traits. Based on the findings described earlier, we hypothesized that the neural basis of the reversal deficits observed in children with psychopathic traits results from dysfunction in either systems putatively signaling the unexpected reinforcement (ie, failure to reduce vmPFC activity when an expected reward is absent) or those implicated in processing response conflict and implementing alternative responses (ie, failure to increase dm and vlPFC activity when an expected reward is absent). We tested this using fMRI during performance of a probabilistic reversal paradigm adapted from one that has demonstrated behavioral impairments in children and adults with psychopathic traits and that has recently been characterized in healthy adults with fMRI. 19, 23, 27 We compared the performance and neural response of 3 groups of children: children with psychopathic traits and ODD or CD, children with ADHD only, and healthy children during reversal learning.
METHODS

PARTICIPANTS
Forty-two children participated in this study: 14 children with psychopathic traits and CD or ODD, 14 children with ADHD only, and 14 healthy volunteers ( Table 1) . The children were recruited from the community through newspaper ads, fliers, and referrals from area mental health professionals. A statement of informed assent and consent was obtained from participating children and parents; this study was approved by the National Institute of Mental Health institutional review board.
All children and parents completed Kiddie Schedule for Affective Disorders and Schizophrenia (K-SAD) 47 assessments with an experienced clinician trained and supervised by expert child psychiatrists, with good interrater reliability (Ͼ0.75 for all diagnoses). Parents completed the K-SAD interview and the full Antisocial Process Screening Device (APSD).
3 Exclusion cri- teria were pervasive developmental disorder; Tourette syndrome; current or lifetime history of psychosis, depression, bipolar disorder, generalized, social, or separation anxiety disorders, posttraumatic stress disorder, and neurologic disorder; history of head trauma; and IQ less than 80.
Children meeting K-SAD criteria for CD or ODD who had APSD scores of 20 or greater returned to complete the Youth Personality Inventory and Psychopathy Checklist-Youth Version (PCL-YV) assessments (described later). Children scoring 20 or greater on the PCL-YV were included in the psychopathic traits group, and those scoring less than 20 were excluded from the study. Children meeting K-SAD criteria for ADHD were included in the ADHD-only group if APSD scores were less than 20. Healthy children did not meet criteria for any K-SAD diagnosis and scored less than 20 on the APSD.
Children with ADHD (n=10) or CD or ODD (n=4) taking stimulant medications held medications for 48 hours prior to the study visits. Children with psychopathic traits and CD or ODD taking other medications were included if their qualifying behaviors and traits were present despite medication. Thus, 3 children in the psychopathic traits group (1 taking oxcarbazepine and buproprion hydrochloride, 1 taking risperidone, and 1 taking ziprasidone hydrochloride) were included in the study. Children with CD or ODD and psychopathic traits were matched for age, IQ, and sex with the healthy comparison children (Table 1) . Children with ADHD without psychopathic traits were matched for age but demonstrated a significantly higher IQ than the other 2 groups (Table 1) ; therefore, analyses of covariance (ANCOVAs) with IQ as the covariate were used in subsequent analysis.
CLINICAL MEASURES
Antisocial Process Screening Device
The APSD 3 is a 20-item parent-completed rating of callous/ unemotional traits and conduct and impulsivity problems for the detection of antisocial processes in children. A 3-factor structure has been characterized comprising the following dimensions: callous/unemotional, narcissism, and impulsivity. 48 There is no established cutoff score on the APSD for classification of high psychopathic traits. [49] [50] [51] For research purposes, studies of adolescents have used cutoff of scores of 25, 19 median splits (Ͼ11 for males, 9 for females), 52 or percentile rankings (top onethird, score Ͼ18). 50 A cutoff score of 20 or higher, one-half the maximum possible of 40 and consistent with the upper tertile of children screened, was chosen for this study.
Psychopathy Checklist: Youth Version
The PCL-YV 46 is a 20-item rating scale for assessment of interpersonal, affective, and behavioral features related to psychopathic traits in adolescents based on semistructured interview and collateral information. Items assessed include impression management, grandiosity, stimulation seeking, pathological lying, manipulation, lack of remorse, shallow affect, parasitic orientation, poor anger control, impersonal sexual behavior, early behavior problems, lack of goals, impulsivity, irresponsibility, failure to accept responsibility, unstable interpersonal relationships, serious criminal behavior, violations of conditional release, and criminal versatility. A cutoff score of 20 or higher (one-half the maximum possible) was used for defining the high psychopathic traits group, as there are no standard cutoff scores for classifying youth on this measure to date. 8 The PCL-YV interviews were conducted by 2 researchers trained in PCL-YV administration who demonstrated good interrater reliability (R=0.91).
PROBABILISTIC REVERSAL fMRI TASK
A modified version of a previously reported reversal task 27, 28 was developed. In this task, children were presented with pairs of images (colored Snodgrass line drawings of animals or furniture 53 ) on a screen (Figure 1 ). With a button press, children selected 1 of the images and received either positive (You WIN 100 points) or negative (You LOSE 100 points) feedback depending on the accuracy of their selection and the reinforcement probability of the pair. To increase task difficulty, stimulus pairs had a reinforcement probability of either 100:0 (if the correct picture was selected, positive feedback was given for 100% of the trials; if the wrong picture was selected, negative feedback was given for 100% of the trials) or 80:20 (if the correct picture was selected, positive feedback was given for 80% of trials, while negative feedback was given for 20% of trials). After 20 or 25 acquisition trials for the 100:0 and 80:20 reinforcement pairs, respectively, the reinforcement contingency of pairs (ie, which picture is good and which is bad) was reversed for an additional 20 or 25 trials. Participants received the following instructions: Pairs of animals will appear on the screen. On each turn you have to choose 1 of these animals and the computer will tell you if your choice was correct or wrong. If it is correct, you will win 100 points. If it is wrong, you will lose 100 points. Each animal will sometimes be correct and sometimes be wrong, but 1 of the animals will be correct more often than the other one. Find out which animal is usually correct, and choose that animal every time. Stick with it even if it is sometimes wrong. At some point it may change so that the other animal is usually correct, in which case you should choose that one every time.
Children completed a brief practice run and then 6 runs of the reversal task in a 1.5-T GE scanner (GE Healthcare, Chalfont St Giles, England). Stimulus pictures were presented for 1600 milliseconds, followed by feedback for 900 milliseconds. If participants did not respond within the 1600-millisecond stimulus presentation, the feedback screen was replaced by the message "please respond faster." Jittered fixation trials were presented for 2.5 milliseconds interspersed throughout each run to serve as the baseline (20-25 fixation trials per stimulus pair trials to equal 30% of total trials). Two stimulus pairs were presented serially in each run, so that across the 6 runs, the participants saw a total of 5 reversing pairs with 80:20 reinforcement probability, 5 reversing pairs with 100:0 reinforcement probability, one 100:0 nonreversing pair, and one 80:20 nonreversing pair, for a total of 12 pairs. Two versions of the task were developed to counterbalance stimulus pairreinforcement associations. The order of runs and stimulus pairs within runs was randomized for each participant. Because of technical issues, for 1 child with psychopathic traits, 4 runs were available for analysis and for 1 child with ADHD and 1 healthy child, 5 runs were available for analysis.
MRI PARAMETERS
Participants were scanned during task performance using a 1. 
IMAGING DATA PREPROCESSING
Imaging data were preprocessed and analyzed in AFNI. 54 At the individual level, functional images from the first 5 trials of each run collected before equilibrium magnetization was reached were discarded. Functional images from the 6 time series were motion corrected and spatially smoothed with a 6-mm full-width half-maximum gaussian filter. The time series were normalized by dividing the signal intensity of a voxel at each point by the mean signal intensity of that voxel for each run and multiplying the result by 100. Resultant regression coefficients represented a percentage of signal change from the mean. Following this, regressors characterizing the trial and response types by phase (rewarded correct responses, punished correct responses, punished errors, rewarded errors by acquisition or reversal), fixation point trials, and trials where no response was made were created by convolving the train of stimulus events with a gammavariate hemodynamic response function to account for the slow hemodynamic response. Linear regression modeling was performed using the 10 regressors described earlier plus regressors to model a first-order baseline drift function. This produced a ␤ coefficient and associated t statistic for each voxel and regressor. Participants' anatomical scans were individually registered to the Talairach and Tournoux atlas, 55 following findings that normalization of brain volumes from age 7 to 8 years onward does not introduce major age-related distortions in localization or time course of the blood oxygenation level-dependent (BOLD) signal in event-related fMRI. 56, 57 In AFNI, individuals' functional EPI data were registered to their Talairach anatomical scan.
fMRI DATA ANALYSIS
The group analysis of the BOLD data was then performed on regression coefficients from individual subject analyses using a 3 (diagnosis: psychopathic traits, ADHD only, healthy)ϫ2 (response type: all correct rewarded responses or punished reversal errors) ANCOVA with IQ as the covariate. The term punished reversal errors is used to specify those trials in which the participant failed to appropriately reverse a response following the change in contingency and for which they received negative feedback. The threshold was set at PϽ.001 (corrected at P Ͻ .05 for multiple comparisons). In AFNI, a mixed-effects model was used with diagnosis and subject treated as random factors and response type treated as a fixed factor. Threshold correction was done using the AlphaSim program in AFNI, which applies Monte Carlo simulations to calculate the probability of false-positive detection, taking into consideration both the individual voxel probability thresholding and cluster size. Average percentage of signal change was measured within each significant cluster of 50 mm 3 or greater. Post hoc analysis of significant main effects and interactions was assessed with 1-way analyses of variance (ANOVAs) and t tests (2-tailed) to further characterize the percentage of signal change.
RESULTS
PARTICIPANTS
One-way between-groups ANOVAs demonstrated no significant differences in age between the 3 diagnostic groups (children with psychopathic traits, children with ADHD only, or healthy controls [F 2,39 Ͻ1; P=.85]) but did demonstrate significant IQ differences (F 2,390 =3.3; P = .05) ( Table 1) . Follow-up ANOVAs demonstrated no significant differences in IQ between the psychopathic traits and healthy children groups (F 2,26 Ͻ 1; P = .83), while children with ADHD had higher IQ scores than healthy controls (F 1,26 =6.9; PϽ.05) and a trend of higher scores than children with psychopathic traits (F 1,26 =3.3; P=.08).
REVERSAL LEARNING BEHAVIORAL RESULTS
A 3 (diagnosis: psychopathic traits, ADHD only, or healthy control) ϫ 2 (phase: acquisition or reversal) repeatedmeasures ANCOVA with IQ as a covariate was conducted on the percentage of errors in the acquisition and reversal phases (Table 1 ). There were no significant main effects (phase: F 1,38 = 1.92; P = .17; diagnosis: F 2,38 = 1.6; P =.22) and no significant interaction (F 2,38 Ͻ 1; P=.88).
fMRI RESULTS
A 3 (diagnosis: psychopathic traits, ADHD only, or healthy control)ϫ 2 (response type: punished reversal errors vs all correct rewarded responses) ANCOVA with IQ as the covariate was conducted on the BOLD response data. This yielded regions showing significant main effects of response and diagnosis as well a significant diagnosisϫ response interaction.
DIAGNOSIS؋ RESPONSE TYPE INTERACTION
A significant diagnosisϫresponse type interaction was observed bilaterally in the medial frontal gyri (Brodmann area [BA] 10) ( 
005).
To exclude the possibility that medications in the children with psychopathic traits were driving this effect, we ran a follow-up ANCOVA in AFNI excluding the 3 children with psychopathic traits taking medication and 3 age-and sex-matched children with ADHD and healthy children. The diagnosisϫresponse type interaction and BOLD response pattern described earlier was observed in the same region of the medial frontal gyri (BA 10) in the nonmedicated sample (left BA 10: F=8.62; PϽ.005; right BA 10: F = 6.29; P Ͻ.006) (eTable, available at http://archgenpsychiatry.com).
A significant interaction was also observed in the caudate. In this region, healthy control children demonstrated decreased BOLD activity during punished reversal errors compared with rewarded correct responses (reversal errors: psychopathic vs HC, t = 4.4; PϽ .005). In contrast, children with psychopathic traits demonstrated the opposite pattern, with increased BOLD activity during punished reversal errors compared with rewarded correct responses. Caudate responses in children with ADHD were increased for both correct trials and reversal errors and were not significantly different from those of healthy controls or children with psychopathic traits.
MAIN EFFECT OF RESPONSE TYPE
The main effect of response type identified regions showing a differential BOLD signal to punished reversal errors vs all rewarded correct responses (Table 2 and eFigure 2). Consistent with findings of reversal learning studies in adults, this contrast demonstrated regions with 2 distinct patterns of activation. Notably, in the first group of regions, including the vl and dmPFC, BOLD responses were greater in all groups of children during punished reversal errors compared with correct rewarded responses (Figure 3) . In the second group of regions, BOLD responses were diminished in all 3 diagnostic groups during punished reversal errors compared with correct rewarded responses ( Table 2) . 
MAIN EFFECT OF DIAGNOSIS
The second main effect identified regions showing a differential response for diagnosis (psychopathic traits, ADHD only, or healthy controls) ( Table 2 ). Greater BOLD responses were notable in the psychopathic traits and ADHDonly groups compared with healthy controls in the precuneus (left: psychopathic vs healthy controls, F 1,25 =5.4; PϽ.05; ADHD only vs healthy controls, F 1,25 =4.9; PϽ.05), right superior frontal gyrus (psychopathic vs healthy controls, F 1,25 =8.5; PϽ.01; ADHD vs healthy controls, F 1,25 =5.8; PϽ.05), and a trend in the right superior temporal gyrus (ADHD vs healthy controls, F 1,25 =10.0; PϽ.005; psychopathic vs healthy controls, F 1,25 =3.6; P=.07).
TRAIT CORRELATIONS WITH vmPFC ACTIVITY
Post hoc analysis demonstrated a significant correlation between differential activity in the vmPFC and APSD total and subscale scores. Follow-up multiple regression analysis indicated callous and unemotional traits predicted variance in vmPFC BOLD responses (eTable 2).
COMMENT
We contrasted 2 hypotheses regarding the neural basis of the reversal learning deficit typically found in children and adults with psychopathic traits. Specifically, we predicted that children with psychopathic traits would demonstrate dysfunction in either regions of the vl and dmPFC associated with processing response conflict and implementing alternative responses or, alternatively, regions of the vmPFC associated with reinforcement processing. Consistent with the latter hypothesis, we found that children with psychopathic traits displayed abnormal activity in the vmPFC (BA 10) during punished reversal errors. There were no indications of atypical activity in the vl and dmPFC in the children with psychopathic traits.
Reversal learning impairments have been repeatedly reported in children and adults with psychopathic traits. 18, 19, 23 On the basis of the early human neuroimaging literature, which stressed the importance of the vlPFC in reversal learning, 24, 28, 58 it was initially assumed that the reversal impairment in persons with psychopathic traits was due to dysfunction in the vlPFC. 16, 19, 23 However, the current data do not support this theory. As can be seen in Figure 3 , the children with psychopathic traits showed appropriate increases in vlPFC activation during punished reversal errors.
Recent neuroimaging data highlighting the importance of the vmPFC in reversal learning suggested that dysfunction in this region may account for the impairment in individuals with psychopathic traits. 27 In line with this hypothesis, we found that children with psychopathic traits displayed abnormal activity in the vmPFC during pun- ished reversal errors. To our knowledge, this is the first report of abnormal vmPFC activation in children with severe disruptive behaviors and high psychopathic traits. This finding is consistent with neuropsychological work in adults that has associated orbital and vmPFC dysfunction with individuals with developmental psychopathy. 16, 18, 59 Furthermore, fMRI studies of adults with high psychopathic traits have demonstrated functional abnormalities in the ventromedial cortex during aversive conditioning 60 and a correlation with the vmPFC (BA 10) and psychopathy scores during a prisoner's dilemma task. 61 The high prevalence of substance abuse in adults with psychopathic traits has been an important caveat in prior studies, 16, 18 as exposure to illicit drugs, such as cocaine, can impair orbitofrontal cortex function and reversal learning. [62] [63] [64] [65] Herein, this potential confound was reduced by studying children and young adolescents who have not had significant exposure to illicit substances, further strengthening the evidence for vmPFC abnormality in individuals with psychopathic traits.
A critical role of the vmPFC in reversal learning appears to be its role in processing reinforcement expectations and information. Studies across species support the role of the orbital and vmPFC in the generation and representation of reinforcement expectations. 24, 31, 32, 35, 38, 64, 66 Consistent with these studies and replicating the findings of this reversal task in healthy adults, 27 our comparison groups demonstrated decreased BOLD signal responses in the vmPFC during punished reversal errors compared with correct rewarded responses. In contrast, children with psychopathic traits did not show a decrease in vmPFC BOLD signal during punished reversal errors but instead demonstrated increased BOLD signal compared with correct rewarded responses. The lack of the typical reduction in activity in this region during punished reversal errors indicates children with psychopathic traits may not be appropriately processing the violation of reinforcement expectations. Failure to appropriately process this violation may impair their ability to detect the contingency change.
A similar pattern was observed in the caudate. As in the vmPFC, healthy children showed decreased BOLD responses during punished reversal errors. This is in line with recent work implicating the caudate in addition to the medial PFC in prediction error signaling. 67, 68 In contrast, children with psychopathic traits showed an increase in caudate BOLD signal during punished reversal errors in comparison with correct control responses. This atypical caudate responding in the children with psychopathic traits may be due to abnormal input from the vmPFC or may reflect a more general impairment in prediction error signaling. The current result must be interpreted with caution, however, as activity in the caudate in children with ADHD alone was not significantly different from the control or psychopathic traits groups.
Given the high prevalence of comorbid ADHD and psychopathic traits, it is notable that we did not observe the abnormalities in the vmPFC in children with ADHD only. In the vmPFC, activity in children with ADHD only did not differ from that of healthy comparison children. This suggests that vmPFC dysfunction is specific to the group with psychopathic traits and is not likely attributable to comorbid ADHD. Many early studies implicating ADHD with increased criminality did not assess for comorbid CD, 69 and fewer assessed for the presence of psychopathic traits. 4, 70 Interestingly, a recent prospective longitudinal study of hyperactive children that did assess for the presence of childhood conduct problems found that while adult recidivism rates for hyperactive children with early conduct problems were significantly elevated, rates for hyperactive children without childhood conduct problems were no higher than control children. 69 The appropriate pattern of vmPFC activity observed in our ADHD-only group offers some of the first neural-level evidence of how children with ADHD plus psychopathic traits differ from those with ADHD only. However, the present study does not distinguish whether the vmPFC abnormality is specific to children high in psychopathic traits or whether such dysfunction would be also observed in children with severe conduct problems but low in psychopathic traits.
Additional caveats to the present study should be mentioned. The first is that the behavioral performance of children with psychopathic traits did not significantly differ from that of either comparison group. The relatively preserved reversal performance in children with psychopathic traits contrasts with data from previous studies 18, 19, 23 and likely reflects task differences between the current fMRI study and previous behavioral work. In particular, this study used serial presentation of the stimulus pairs during the imaging runs unlike previous behavioral studies where the participants learned about several pairs simultaneously. This reduced task difficulty and thus also reduced the likelihood of confounds introduced by large performance differences. The presence of vmPFC dysfunction in this psychopathic traits cohort, despite comparable task performance, indicates that group differences in this region stem from neural abnormalities rather than performance differences. A second potential limitation is the inclusion of children with psychopathic traits and ADHD with medication histories. While simple stimulant medications were held in all children with psychopathic traits and ADHD for 48 hours prior to the scanning session, the long-term effects of these medications may have impacted the current results. While no orbitofrontal cortex dysfunction was observed in this study, this does not imply that the orbitofrontal cortex, a region previously causally related to psychopathy, is intact in children high in psychopathic traits. The absence of dysfunction may reflect a lack of involvement of this region in this form of reversal task or signal loss in the inferior orbitofrontal cortex.
Models of developmental psychopathic traits have postulated functional abnormalities in the amygdala, 71, 72 vmPFC, 59, 73 or both. 23, 74 The vmPFC and amygdala are reciprocally connected 75 and the interaction of these 2 structures is important in stimulus-reinforcement learning. 76, 77 It is possible that the aberrant signal in the vmPFC in children with psychopathic traits arises from abnormal inputs from the amygdala. However, recent nonhuman primate studies demonstrate that amygdala lesions alone do not impair reversal learning. 78 We therefore propose that the altered signal in the present study represents dysfunction within the vmPFC. Whether vmPFC dysfunction occurs independently, or as a developmental consequence of abnormal inputs from the amygdala, remains to be determined. In conclusion, this study provides one of the first confirmations at the neural level of dysfunction specific to the vmPFC in children with high psychopathic traits and disruptive behavioral disorders. The functional specificity indicated by the current study suggests that impairments in the processing of reinforcement information and expectations in the vmPFC may predispose these individuals to impaired decision making, leading to increased frustration and reactive aggression. 
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